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TECHNIQUES FOR APPLYING MAR
REDUCING OVERCOATS TO ARTICLES

HAVING LAYER STACKS DISPOSED
THEREON

FIELD OF THE INVENTION

Certain example embodiments of this invention relate to
techniques for applying overcoats to already-coated, coated
articles. More particularly, certain example embodiments of
this invention relate to techniques for applying an overcoat
(e.g., which may comprise an organic material) to a coated
article having a layer stack already disposed thereon 1n order
to reduce the potential for surface marring. The pre-coated
layer stack may be a sputter-coated layer stack (e.g., for use 1n
low-E or solar applications) in certain example embodiments,
and the overcoat may be applied via an evacuative process 1n
certain example embodiments.

BACKGROUND AND SUMMARY OF EXAMPLE
EMBODIMENTS OF THE INVENTION

Disposing single-layer and multiple-layer coatings on
articles, e.g., by sputtering or the like, 1s known 1n the art.
Current sputter-deposited low-E coatings are known 1n the
industry as soft-coatings, as they typically are very easy to
damage during normal handling. By way of example, stan-
dard sputter-coated low-E coatings sufler from a failure
known as scratching and, 1n general, are considered soit coat-
ngs.

The potential for damage to coated articles 1s a disadvan-
tage typical for many sputter-coated and/or otherwise dis-
posed coatings. Indeed, the potential for damage often
prompts manufacturers to take special care during the dispos-
ing of the coatings including the steps used therein. the trans-
portation of intermediate and/or fimshed products, any fin-
ishing and/or 1nstallation steps, etc. These special measures
increase the costs and time required for making coated
articles. Even when a wide variety of special precautions are
taken, the potential for damage, e.g., by marring 1s still
present, and quite often yield 1s reduced.

Thus, 1t will be appreciated that there 1s a need 1n the art for
techniques for protecting layer stacks disposed on articles.

The inventors of the instant application have realized that
the ease with which soft-coatings may be scratched may be
attributed, at least in part, to surface roughness of the coatings
and also the weak nature of the bonds between the layer stack
and the glass and/or the layers 1n a layer stack. Thus, the
inventors of the instant application have discovered that the
surface energy can be modified to reduce friction caused by
surface roughness, thereby enhancing mar resistance. Indeed,
the mventors of the mstant application have discovered that
by applying a “slippery” overcoat to pre-coated layer stacks,
the propensity for scratch marring 1s reduced. In certain
example embodiments, the overcoat may be applied via an
evacuative process.

In certain example embodiments of this invention, a
method of making a coated article by applying a mar reducing
overcoat to an intermediate coated article 1s provided. The
intermediate coated article 1s provided, with the intermediate
coated article comprising a substrate with a single- or multi-
layer stack disposed thereon. The mar reducing overcoat 1s
applied to the mtermediate coated article via an evacuative
process, such that coated article with the mar reducing over-
coat has a contact angle greater than, and a surface friction
less than, a contact angle and a surface friction of the inter-
mediate coated article.
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According to certain example embodiments, the evacua-
tive process may include the following steps. A low vapor

pressure material may be provided in liquid form to a heatable
vacuum compatible chamber connected to a coater, with a
coater vent buffer being interposed between the heatable
chamber and the coater. The heatable chamber may be evacu-
ated as the coater pumps to the same pressure as the coater
vent bufler. When vacuum 1s achieved, vapor in the heatable
chamber may be built up. When the coater needs to be vented:
the vent buffer 1s vented, and the heated chamber 1s purged to
draw substantially all of the vapor mto the coater vent builer.
When venting 1s complete, the vapor storage bufler i1s par-
tially evacuated.

First and second valves may be provided to the heatable
chamber, with the second valve being located between the
heatable chamber and the coater vent bufter, and with the first
value being located upstream of the heatable chamber. The
evacuating step may comprise opening the second valve and
closing the first valve, the building up step may comprise
closing the second valve, the purging step may comprise
opening the second valve and then opening the first valve, and
the partially evacuating step may comprise closing the first
valve, waiting a predetermined amount of time, and closing
the second valve.

In certain example embodiments of this invention, a coated
article 1s provided. A single- or multi-layer stack 1s supported
by a substrate. A mar-reducing overcoat comprising an
organic material 1s provided, directly or indirectly, on the
single- or multi-layer stack opposite the substrate. The coated
article including the mar-reducing overcoat has a contact
angle greater than, and a surface friction less than, a contact
angle and a surface iriction of the single- or multi-layer stack
supported by the substrate alone.

In certain example embodiments of this invention, an appa-
ratus 1s provided. A chamber 1s connected to a coater, with a
coater vent bufler being interposed between the heatable
chamber and the coater, and with the chamber being config-
ured to contain a low vapor pressure material in liquid form.
A vacuum 1s configured to create vacuum conditions within
the chamber. A heating mechanism 1s configured to selec-
tively heat the chamber and vaporize the liquid form material
located therein so as to build up vapor in the heatable chamber
when vacuum 1s achieved. Evacuating means are provided for
evacuating the chamber as the coater pumps to the same
pressure as the coater vent buifer. Venting means are provided
for venting the vent butlfer and purging the heated chamber to
draw substantially all of the vapor into the coater vent butifer
when the coater needs to be vented, and for partially evacu-
ating the chamber when venting 1s complete.

The features, aspects, advantages, and example embodi-
ments described herein may be combined to realize yet fur-
ther embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages will be better and
more completely understood by reference to the following
detailed description of exemplary i1llustrative embodiments 1in
conjunction with the drawings, of which:

FIG. 1 1s a portion of an apparatus for applying a mar
reducing overcoat to a pre-coated substrate by feeding a vapor
phase material into the normal vent gas stream for a coater, in
accordance with an example embodiment;

FIG. 2 1s an 1llustrative flowchart for applying a mar reduc-
ing overcoat to a pre-coated substrate by feeding a vapor
phase material into the normal vent gas stream for a coater, in
accordance with an example embodiment;
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FIG. 3 1s a cross-sectional view of an example coated
article produced using the techniques of certain example
embodiments; and

FI1G. 4 1s a table showing contact angle data measured from
a plurality of samples produced according to certain example
embodiments; and

L1

DETAILED DESCRIPTION OF EXAMPL.
EMBODIMENTS OF THE INVENTION

Certain example embodiments of this invention relate to
the application of overcoats on pre-coated layer stacks. The
overcoat may comprise an organic material 1n certain
example embodiments. The organic overcoat material pret-
erably 1s hydrophobic (e.g., so as to repel water, for example),
although the present invention 1s not so limited. Indeed, the
organic overcoat material also may be oleophobic (e.g., so as
to repel oils, for example) 1n certain example embodiments.
The application of the overcoat may take place in many ways,
and several examples are presented below and, 1n certain
example embodiments, the overcoat may be applied via an
evacuative process. The coated article including the mar-
reducing overcoat has a contact angle greater than, and a
surface friction less than, a contact angle and a surface friction
of the single- or multi-layer stack supported by the substrate
alone. Any marring due to cat-scratching or the like prefer-
ably would not be visible at 4 x magnification following appli-
cation of the mar reducing overcoat.

A first example techmque for applying a mar reducing
overcoat mnvolves the application of a water soluble material
during coater exit washer usage. As 1s known, intermediate or
final articles typically are washed when they exit a coater. A
water soluble material may be added to the flow of water in
certain example embodiments, thus effectively “washing” the
article as 1t exits the coater and allowing the overcoat to form
directly or indirectly on the pre-coated layer stack. This tech-
nique 1s advantageous in that 1t 1s simple to implement from a
technical standpoint. It 1s also cost effective in that a wide
variety of commonly available materials could be used in
connection with existing processes.

A second example technique for applying a mar reducing
overcoat mvolves application via plasma enhanced chemical
vapor deposition (PECVD) via 1n situ 10on beam technology.
In certain example embodiments, organic precursors such as
HMDSO or fluorinated materials may be employed to coat
the stack using 10n beam deposition. Because coater deposi-
tion zone “real estate” typically 1s at a high premium, this
technique may be carried out in the exit lock in certain
example embodiments. Of course, other zones of the coater
may be used 1n certain other example embodiments. It will be
appreciated that when this technique 1s carried out 1n the exit
lock, reliability may become an 1ssue because of the cycling
on/oll operations during service as the vacuum pressure rises
from base to atmosphere. Accordingly, 1t may be necessary to
control the process conditions to improve the reliability 1n
example embodiments that implement this technique.

A third example technique for applying a mar reducing
overcoat involves application by feeding a vapor phase mate-
rial into the normal vent gas stream for a coater, €.g., as shown
in FIG. 1, which essentially 1s a hydrophobic vapor storage
butler as will become clear from the description that follows
below. The example process steps described below are shown
visually i FIG. 2. In certain example embodiments, a low
vapor pressure hydrophobic material at least imtially in liquid
form 3 1s contained within a vacuum compatible chamber or
containment vessel 3 that 1s heatable (e.g., using a heated
mantle 7 or other suitable heating element, such as a heated
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plate, one or more heating wires, etc.), with the chamber 3
having controlled vent and vacuum side valves 1 and 2 (step
21). Side valve 2 1s connected (and thus located proximate) to
the coater vent butfer whereas side valve 1 1s located remote
from the coater and thus upstream of the heatable chamber.

In certain example operations, the heated chamber 3 1s
evacuated, as the coater pumps to the same pressure as the
vent buller of the coater (step 23). Referring to FIG. 1, the
heated box vacuum valve 2 1s open while value 1 1s closed.
With vacuum achieved, valve 2 1s closed and hydrophobic
vapor 9 1s allowed to build up in the containment vessel 3 (step
25).

It 1s determined whether the coater vent butier needs to be
vented (step 27). When the coater vent buller needs to be
vented, valve 2 1s opened shortly before valve 1 1s opened to
allow air to purge the heated chamber 3 and thus draw sub-
stantially all of the hydrophobic fumes 1nto the coater vent
builter. When venting 1s complete, valve 1 1s closed and, after
a predetermined time, valve vent 2 also 1s closed. By waiting
the predetermined amount of time, partial evacuation of the
vapor storage bulifer 1s allowed (step 29). Coater butfer pump-
ing continues as normal as hydrophobic vapor 9 builds up 1n
the heated box 3 (e.g., under partial vacuum) until needed for
venting into the coater vent bulfer, as above.

In essence, the vapor with the low pressure hydrophobic
material 1s vented towards the coated article ultimately con-
denses on the pre-coated article and the overcoat 1s formed
thereon.

For safety reasons, a pressure monitor optionally may be
provided to the system partially shown in FIG. 1. I the
pressure exceeds a predetermined threshold (e.g., from
excess vapor build-up), the pressure may be released auto-
matically.

Regardless of the particular evacuative technique used to
dispose the “slippery” overcoat to the pre-coated layer stack,
the resulting coated article will appear cross-sectionally simi-
lar to that which 1s shown 1n FIG. 3 (assuming that the pre-
coated layer stack 1s a multi-layer stack rather than a single
layer coating). In other words, FIG. 3 1s a cross-sectional view
of an example coated article produced using the techniques of
certain example embodiments. A substrate (e.g., a glass sub-
strate) 31 1s provided. The substrate 31 supports a pre-coated
layer stack 33, which may comprise one or more layers 33a-n.
The overcoat layer 35 1s disposed, directly or indirectly, on
the uppermost layer 33 in the pre-coated layer stack 33. The
overcoat layer 35 preferably has a surface friction and a
contact angle less than the pre-coated layer stack 33. As 1s
known, the term “contact angle” 1s indicative of the angle at
which a liquid or vapor intertace meets a solid surface, 1n this
case, the overcoat layer 35. In certain example embodiments,
the liquid or vapor 1s water and, thus, the *“‘contact angle”
relates to the angle at which a liquid or vapor water intertace
meets the overcoat layer 35. Of course, it will be appreciated
that other liquids or vapors could be used 1n connection with
other example embodiments using the techmques described
herein.

EXAMPL

L1

One example material that may be used 1n connection with
certain example embodiments 1s commercially available
from Umicore under the tradename SuperHydrophobic Top-
Coat. This example material 1s a pellet material comprising
porous alumina imbibed with the hydrophobic liquid. It waill
be appreciated that a liquid lacking pellets may be used in
certain example embodiments.
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Using the above-noted example material in connection
with the example embodiments shown and described in con-
nection with FIG. 1 produced an overcoat that resulted 1n no
observable color shift. However, surface contact angle was
increased from about 10-25 degrees for the mitially coated
glass to up to about 75 degrees following the application of
the overcoat. To simulate scratching, durability testing was
performed by damaging and baking a coated article having an
overcoat formed using the above-noted example material 1n
connection with the example embodiments shown and
described 1n connection with FIG. 1. Under normal, non-
treated conditions, severe damage was visible. In contrast,
when the example was tested, damage due to the simulated
scratching was greatly reduced (and sometimes virtually
climinated). Indeed, when the example was tested, damage
was only visible microscopically with magnification well
above the 4x damage threshold that often 1s used as a standard
for product acceptability.

(Given the above, 1t will be appreciated that the techniques
of certain example embodiments apply an overcoat to
already-formed layer stacks. Such overcoats preferably result
in no observable color shift, for example, such that delta E*
preferably 1s less than about 10, more preferably i1s less than
about 3, still more preferably is less than about 3, and still
more preferably 1s less than about 2. In general, delta E* may
be controlled to 3-5 (or even lower) without significantly
alfecting the durability of the overcoat 1n certain example
embodiments, and this may be achieved, for example, by
varying the overcoat thickness. Such overcoats also offer
increases in surface contact angle as compared to the pre-
coated layer stack, preferably to greater than about 50
degrees, more preferably to greater than about 60 degrees,
and still more preferably to greater than about 70 degrees.
Such overcoats preferably have an average surface roughness
less than about 0.1 um, more preferably less than about 0.01
um. Such overcoats also offer a level of durability such that
evidence of scratching preferably 1s not visible to the naked
eye, more preferably at 2x magnification, more preferably at
4x magnification, and still more preferably at 10x magnifi-
cation.

FIG. 4 1s a table showing contact angle data measured from
a plurality of samples produced according to certain example
embodiments. The contact angle measurements 1 FIG. 4
were taken 24 hours after the deposition of the hydrophobic
material. The process conditions for each sample are pro-
vided, with the temperature being 1n degrees C, the time being,
in seconds, and the thickness estimation simply being a mul-
tiplication of the temperature and time. Sample 11 1s a refer-
ence sample, 1n that no hydrophobic material was deposited
on the glass substrate thereot, and the values 1n the “Delta”
column represent the difference between the average contact
angle and this reference value. As can be seen from FI1G. 4, the
contact angle increased an average of 15 degrees for the mitial
10 samples unless there was significantly increase time and
temperature. For the 400 degree C. 10 minute samples, the
increase 1n contact angle 1s about 45 degrees. However, the
thickness of the deposition might be significantly higher 1o
these samples, as suggested from the optical data.

A brush test was performed on all of the samples shown 1n
FIG. 4. The brush test involved up to 2000 strokes. A higher
improvement for as-coated samples with thicker hydrophobic
layers (e.g., those with very high contact angles) was
observed. Additionally, after heat treatment, all samples per-
tormed very well. A crock-bake test also was performed on all
of the samples shown in FIG. 4. The crock-bake test showed
no damage to any of the coated article samples, but did show
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6

light and medium damage to the uncoated reference sample at
values of 50 and 100, respectively.

It will be appreciated that the example embodiments
described herein may be used 1n connection with the appli-
cation of a mar reducing overcoat, directly or indirectly, on
single layer or multiple layer coatings. Such single layer or
multiple layer coatings may be deposited by any suitable
means including, for example, sputtering, chemical vapor
deposition (CVD), combustion CVD, flame or spray pyroly-
s1s, spin coating, sol-gel coating, etc.

Furthermore, although certain example embodiments have
been described 1n connection with low-E and/or solar appli-
cations, the present invention 1s not so limited. In other words,
the example embodiments described herein may be used 1n
connection with other applications where 1t 1s desirable to
reduce the likelihood of marring, e.g., via cat-scratching or
the like. Indeed, 1t will be appreciated that the overcoats of the
example embodiments described herein may be applied to a
variety of products including, for example, photovoltaic,
green house, sports and roadway lighting, fireplace and oven
doors, picture frame glass, etc.

While a particular layer or coating may be said to be “on”
or “supported by” a surface or another coating (directly or
indirectly), other layer(s) and/or coatings may be provided
therebetween. Thus, for example, a coating may be consid-
ered “on” and “supported by” a surface even 1f other layer(s)
are provided between layer(s) and the substrate. Moreover,
certain layers or coatings may be removed 1n certain embodi-
ments, while others may be added in other embodiments of
this 1mvention without departing from the overall spirit of
certain embodiments of this invention. Thus, by way of
example, an encapsulating coating applied 1n liqud sol-gel
form 1n accordance with an example embodiment may be said
to be “on” or “supported by a sputtering target material, even
though other coatings and/or layers may be provided between
the sol-gel formed coating and the target material.

While the invention has been described 1n connection with
what 1s presently considered to be the most practical and
preferred embodiment, 1t 1s to be understood that the mnven-
tion 1s not to be limited to the disclosed embodiment, but on
the contrary, 1s intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What 1s claimed 1s:

1. A method of making a coated article by applying a mar
reducing overcoat to an intermediate coated article, the
method comprising:

having the intermediate coated article, the intermediate

coated article comprising a substrate with a low-E coat-
ing disposed thereon;

applying the mar reducing overcoat to the intermediate

coated article via an evacuative process such that the
coated article with the mar reducing overcoat applied
thereon has an average surface roughness of less than 0.1
um, as well as a contact angle greater than, and a surface
friction less than, a contact angle and a surface friction of
the intermediate coated article with the low-E coating,
the low-E coating being located between at least the
substrate and the mar reducing overcoat;

wherein said applying comprises:

providing a low vapor pressure material in liquid form to
a heatable vacuum compatible chamber connected to
a coater, with a coater vent bufler being interposed
between the heatable chamber and the coater;

evacuating the heatable chamber as the coater pumps to
the same pressure as the coater vent butfer;
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when vacuum 1s achieved, building up vapor 1n the heat-
able chamber; and
when the coater needs to be vented, venting the vent
butfer, and purging the heated chamber to draw sub-
stantially all of the vapor into the coater vent butler,
and when venting 1s complete, partially evacuating
the chamber, and
wherein the mar reducing overcoat has a thickness selected

so that the mar reducing overcoat provides a delta E*
color shift of no more than 5 relative to the underlying
low-E coating.

2. The method of claim 1, wherein first and second valves
are provided to the heatable chamber, the second valve being
located between the heatable chamber and the coater vent
butler, and the first valve being located upstream of the heat-
able chamber.

3. The method of claim 2, wherein

said evacuating comprises opening the second valve and

closing the first valve,

said building up comprises closing the second valve,

said purging comprises opening the second valve and then

opening the first valve, and

said partially evacuating comprises closing the first valve,

waiting a predetermined amount of time, and closing the
second valve.

4. The method of claim 3, further comprising automatically
venting the heatable chamber 11 the pressure therein exceeds
a predetermined threshold.

5. The method of claim 1, wherein the mar reducing over-
coat comprises organic material.
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6. The method of claim S, wherein the mar reducing over-
coat 1s a hydrophobic layer.

7. The method of claim 5, wherein the mar reducing over-
coat 1s an oleophobic layer.

8. The method of claim 1, wherein the mar reducing over-
coat comprises silicon and/or 1s fluorinated.

9. The method of claim 1, wherein any marring due to
cat-scratching would not be visible at 4x magnification as a
result of the application of the mar reducing overcoat.

10. The method of claim 1, wherein the mar reducing
overcoat has an average surface roughness of less than 0.01
um.

11. The method of claim 1, wherein the mar reducing
overcoat has a thickness selected so that the mar reducing
overcoat provides a delta E* color shiit of no more than 3
relative to the underlying low-E coating.

12. The method of claim 1, wherein the mar reducing
overcoat 1s a single layer.

13. The method of claim 1, wherein the mar reducing
overcoat 1s a single layer and has a thickness selected so that
the mar reducing overcoat provides a delta E* color shift of no
more than 3 relative to the underlying low-E coating.

14. The method of claim 13, wherein any marring due to
cat-scratching would not be visible at 2x magnification as a
result of the application of the mar reducing overcoat.

15. The method of claim 14, wherein the mar reducing
overcoat provides a contact angle at least three times greater
than a contact angle of the low-E coating initially on the
intermediate coated article.
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